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APPARATUS AND METHOD FOR ON-LINE
POWER SOURCE REPLACEMENT IN
WIRELESS TRANSMITTERS AND OTHER
DEVICES

TECHNICAL FIELD

This disclosure relates generally to device power supplies
and more specifically to an apparatus and method for on-line
power source replacement 1n wireless transmitters and other
devices.

BACKGROUND

Processing facilities are often managed using process con-
trol systems. Example processing facilities include manufac-
turing plants, chemical plants, crude o1l refineries, and ore
processing plants. Among other operations, process control
systems typically manage the use of motors, valves, and other
industrial equipment 1n the processing facilities.

Process control systems routinely include wireless
devices, such as wireless sensors and wireless actuators.
These wireless devices typically do not have any physical
connection to data and power supply cables. Instead, data 1s
transmitted wirelessly, and internal power supplies (such as
industrial-grade batteries) provide operating power to the
wireless devices. A conventional wireless device generates an
alarm when 1ts batteries begin to run low. At that point, the
conventional wireless device 1s taken out of service, old bat-
teries are removed from the wireless device, new batteries are
inserted into the wireless device, and the wireless device 1s
placed back 1nto service.

SUMMARY

This disclosure provides an apparatus and method for on-
line power source replacement 1n wireless transmitters and
other devices.

In a first embodiment, a method includes powering a device
using one or more lirst power sources. The method also
includes coupling one or more second power sources 1o pro-
vide power to the device. The method further includes replac-
ing at least one of the first power sources, where the one or
more second power sources provide power to the device dur-
ing the replacement of the at least one first power source.

In particular embodiments, the one or more first power
sources include one or more first batteries 1n one or more first
battery slots. Also, the one or more second power sources
include one or more second batteries 1n one or more second
battery slots.

In other particular embodiments, coupling the one or more
second power sources and replacing at least one of the first
power sources include 1nserting one second battery 1into one
second battery slot, replacing one first battery in one first
battery slot, and then replacing another first battery in another
first battery slot.

In yet other particular embodiments, coupling the one or
more second power sources and replacing at least one of the
first power sources include 1nserting one second battery into
one second battery slot, replacing one first battery 1n one {irst
battery slot, and then removing withoutreplacing another first
battery from another {irst battery slot.

In still other particular embodiments, the one or more first
power sources include one or more batteries 1n one or more
battery slots. Also, the one or more second power sources
include a portable voltage source.
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In other particular embodiments, coupling the one or more
second power sources and replacing at least one of the first
power sources include coupling the portable voltage source to
provide power to the device, removing the one or more bat-
teries from the one or more battery slots, and 1nserting one or
more new batteries into the one or more battery slots.

In additional particular embodiments, the method further
includes decoupling the one or more second power sources to
stop providing power to the device after replacement of the at
least one first power source.

In a second embodiment, a circuit includes one or more
interfaces configured to be coupled to one or more first power
sources and to provide a current from the one or more first
power sources. The circuit also includes a current limiter
configured to limit the current. The circuit further includes a
power supply output configured to provide the current to one
or more external components. In addition, the circuit 1s con-
figured to interface with one or more second power sources,
the one or more second power sources capable of providing
the current for the one or more external components during
replacement of at least one of the one or more first power
sources.

In a third embodiment, an apparatus includes one or more
powered components and a power supply circuit. The power
supply circuit includes one or more interfaces configured to
be coupled to one or more first power sources and to provide
a current from the one or more first power sources. The power
supply circuit also includes a current limiter configured to
limit the current. The power supply circuit further includes a
power supply output configured to provide the current to the
one or more powered components. The power supply circuit
1s configured to interface with one or more second power
sources, the one or more second power sources capable of
providing the current for the one or more external compo-
nents during replacement of at least one of the one or more
first power sources.

Other technical features may be readily apparent to one
skilled 1n the art from the following figures, descriptions, and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ret-
erence 1s now made to the following description, taken 1n
conjunction with the accompanying drawings, 1n which:

FIG. 1 1illustrates an example process control system
according to this disclosure;

FIG. 2 1llustrates an example wireless device 1n a process
control system according to this disclosure;

FIGS. 3 and 4 illustrate example mechanisms for on-line
power source replacement 1n a device according to this dis-
closure; and

FIG. § illustrates an example method for on-line power
source replacement 1n a device according to this disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 5, discussed below, and the various
embodiments used to describe the principles of the present
invention in this patent document are by way of illustration
only and should not be construed 1n any way to limit the scope
of the mvention. Those skilled 1n the art will understand that
the principles of the invention may be implemented 1n any
type of suitably arranged device or system.

FIG. 1 1llustrates an example process control system 100
according to this disclosure. The embodiment of the process
control system 100 shown in FIG. 1 1s for illustration only.
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Other embodiments of the process control system 100 could
be used without departing from the scope of this disclosure.

In this example embodiment, the process control system
100 includes one or more process elements 102. The process
clements 102 represent components 1n a process system that
may perform any of a wide variety of functions. For example,
the process elements 102 could represent sensors, actuators,
or any other or additional industrial equipment in a processing
environment. Each of the process elements 102 includes any
suitable structure for performing one or more functions 1n a
process system. Also, a “process system’™ may generally rep-
resent any system or portion thereof configured to process one
or more products or other materials 1n some manner.

A controller 104 1s coupled to the process elements 102.
The controller 104 controls the operation of one or more of
the process elements 102. For example, the controller 104
could recerve information associated with the process system,
such as by recerving sensor measurements from some of the
process elements 102. The controller 104 could use this infor-
mation to provide control signals to others of the process
clements 102, thereby adjusting the operation of those pro-
cess elements 102. The controller 104 includes any hardware,
software, firmware, or combination thereof for controlling
one or more process elements 102. The controller 104 could,
for example, represent a computing device executing a
MICROSOFT WINDOWS operating system.

A network 106 facilitates communication between various
components in the system 100. For example, the network 106
may communicate Internet Protocol (IP) packets, frame relay
frames, Asynchronous Transier Mode (ATM) cells, or other
suitable information between network addresses. The net-
work 106 may include one or more local area networks
(LANSs), metropolitan area networks (MANs), wide area net-
works (WANSs), all or a portion of a global network such as the
Internet, or any other communication system or systems at
one or more locations.

As shown 1n FIG. 1, the process control system 100 also
includes one or more wireless networks for communicating
with wireless sensors or other wireless devices. In this
example, a wireless network (such as a mesh network) 1s
formed using infrastructure nodes (I nodes”) 108a-108e,
leat nodes 110a-110¢, and a gateway inirastructure node 112.

The infrastructure nodes 108a-108¢ and the leal nodes
110a-110e engage in wireless communications with each
other. For example, the infrastructure nodes 108a-108¢ may
receive data transmitted over the network 106 (via the gate-
way inirastructure node 112) and wirelessly communicate the
data to the leaf nodes 110a-110e. Similarly, the leaf nodes
110a-110e may wirelessly communicate data to the inira-
structure nodes 108a-108¢ for forwarding to the network 106
(via the gateway infrastructure node 112). In addition, the
infrastructure nodes 108a-108¢ may wirelessly exchange
data with one another. In this way, the nodes 108a-108¢ and
110a-110e form a wireless network capable of providing
wireless coverage to a specified area, such as 1n a large indus-
trial complex.

In this example, the nodes 108a-108¢ and 110a-110¢ are
divided into infrastructure nodes and leal nodes. The 1nira-
structure nodes 108a-108¢ typically represent line-powered
devices, meaning these nodes receive operating power from
an external source. As a result, these nodes 108a-108¢ are
typically not limited 1n their operations since they need not
minimize power consumption to increase the operational life
of their internal power supplies. On the other hand, the leaf
nodes 110a-110e typically represent devices powered by
local power supplies, such as nodes that receive operating
power from internal batteries or other internal power supplies.

10

15

20

25

30

35

40

45

50

55

60

65

4

Because of this, these nodes 110a-110e are often more lim-
ited 1n their operations 1n order to help preserve the opera-
tional life of their internal power supplies. These nodes 110a-
110e also routinely need to have their internal batteries or
other internal power supplies replaced 1n order to remain 1n
operation.

Each of the nodes 108a-108¢ and 110a-110¢ 1includes any
suitable structure facilitating wireless communications, such
as a radio frequency (RF) transceiver. Each of the nodes
108a-108¢ and 110a-110¢ could also include other function-
ality, such as functionality for generating or using data com-
municated over the wireless network. For example, the leaf
nodes 110a-110e could represent wireless sensors 1 an
industrial facility, where the sensors are used to measure
various characteristics within the facility. These sensors
could collect sensor readings and communicate the sensor
readings to the controller 104 via the gateway infrastructure
node 112. The leaf nodes 110a-110e could also represent
actuators that can receive control signals from the controller
104 and adjust the operation of the industrial facility. In this
way, the leal nodes 110a-110e may include or operate 1n a
similar manner as the process elements 102 that are physi-
cally connected to the controller 104. The leat nodes 110a-
110¢e could further represent handheld user devices (such as
INTELATRAC devices from HONEYWELL INTERNA-
TIONAL INC.), mobile stations, programmable logic con-
trollers (PLCs), or any other or additional devices.

In particular embodiments, the leat nodes 110a-110e can
include 802.15.4-based low data-rate sensors and 802.11-
based high data-rate devices, and the various nodes in FI1G. 1
form a mesh network communicating at 2.4 GHz or 5.8 GHz.
Also, 1n particular embodiments, data can be injected 1nto the
wireless mesh network through the infrastructure nodes, thus
providing versatile, multifunctional, plant-wide coverage for
wireless sensing, asset location tracking, personnel tracking,
wireless communications, and any other or additional func-
tionality as desired.

The gateway infrastructure node 112 communicates wire-
lessly with, transmits data to, and recerves data from one or
more inirastructure nodes 108a-108¢ and possibly one or
more leal nodes 110a-110e. The gateway infrastructure node
112 also converts data between the protocol(s) used by the
network 106 and the protocol(s) used by thenodes 108a-108¢
and 110a-110e. For example, the gateway infrastructure node
112 could convert Ethernet-formatted data (transported over

the network 106) 1nto a wireless protocol format (such as an
IEEE 802.11a, 802.11b, 802.11g, 802.11n, 802.15.3,

802.15.4, or 802.16 protocol format) used by the nodes 108a-
108¢ and 110a-110e. The gateway inirastructure node 112
could also convert data recerved from one or more of the
nodes 108a-108¢ and 110a-110¢ into Ethernet-formatted
data for transmission over the network 106. In addition, the
gateway inirastructure node 112 could support various func-
tions, such as network creation and security, used to create
and maintain a wireless network. The gateway infrastructure
node 112 includes any suitable structure for facilitating com-
munication between components or networks using different
protocols.

In this example, a wireless configuration and OLE for
Process Control (OPC) server 114 can be used to configure
and control various aspects of the process control system 100.
For example, the server 114 could be used to configure the
operation of the infrastructure nodes 108a-108¢ and the gate-
way node 112. The server 114 could also be used to support
security 1n the process control system 100. For instance, the
server 114 could distribute cryptographic keys or other secu-
rity data to various components in the process control system
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100, such as to the nodes 108a-108¢, 110a-110e, and 112.
The server 114 includes any hardware, software, firmware, or
combination thereof for configuring wireless networks and
providing security information.

In one aspect of operation, various nodes in the wireless
network (such as the leal nodes 110a-110¢) operate using
local or internal power supplies, such as industrial-grade bat-
teries or other power supplies. As noted above, conventional
wireless devices are typically taken out of service 1n order to
remove the old batteries and insert new batteries into the
wireless devices. At that point, the conventional wireless
devices are placed back into service. However, this interrupts
the regular operation of the wireless devices. In process con-
trol systems, this interruption could prevent controllers or
other devices from receiving necessary or desired informa-
tion during that time.

In accordance with this disclosure, wireless or other
devices mnclude or can be used with one or more mechanisms
that facilitate non-interrupted or continuous supply of power
to the devices. This can be done even when batteries or other
power sources 1n the devices are being replaced. Among other
things, this helps to ensure that the devices remain in opera-
tion during the replacement of batteries or other power
sources. As aresult, controllers or other devices (such as those
in the process control system 100) can continue receiving
necessary or desired information during that time.

Although FIG. 1 illustrates one example of a process con-
trol system 100, various changes may be made to FIG. 1. For
example, the process control system 100 could include any
number of process elements, controllers, networks (wired or
wireless), infrastructure nodes (gateway or other), leaf nodes,
and servers. Also, the functional division shown 1in FIG. 1 1s
tor i1llustration only. Various components 1in FIG. 1 could be
combined, subdivided, or omitted and additional components
could be added according to particular needs. In addition,
FIG. 1 1illustrates one example operational environment
where on-line replacement of power sources 1n wireless or
other devices could be used. This functionality could be used
with any suitable device and 1n any suitable system (whether
or not related to or used for process control).

FIG. 2 illustrates an example wireless device 200 in a
process control system according to this disclosure. The
embodiment of the wireless device 200 shown 1n FIG. 2 1s for
illustration only. Other embodiments of the wireless device
200 could be used without departing from the scope of this
disclosure.

As shown 1in FIG. 2, the wireless device 200 includes a
sensing unit 202. In this example, the wireless device 200
represents a wireless sensor that operates 1n the process con-
trol system 100 or other system to measure or detect one or
more conditions 1n a process system. The sensing unit 202
could, for example, measure temperature, humidity, or vibra-
tion 1n the process system. The structure of the sensing unit
202 varies depending on the type of sensor functionality
being implemented 1n the wireless device 200.

The wireless device 200 also includes a device circuit
board 204 and a wireless radio 206. The device circuit board
204 interfaces with the sensing umit 202 and receives data
from the sensing unit 202. For example, the device circuit
board 204 could receive temperature measurements, pressure
measurements, humidity measurements, or other measure-
ments from the sensing unit 202. The device circuit board 204
then passes this information to the wireless radio 206 for
transmission. The device circuit board 204 could also provide
other information to the wireless radio 206 for transmission,
such as status imformation. Depending on the implementa-
tion, the device circuit board 204 could further receive infor-
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mation that 1s recerved wirelessly by the wireless radio 206.
The device circuit board 204 includes any suitable structure
for interfacing a sensor with a wireless radio.

The wireless radio 206 facilitates wireless communica-
tions to or from the wireless device 200. The wireless radio
206 could, for example, communicate sensor and status infor-
mation from the wireless device 200 to an external compo-
nent (such as an inirastructure node or gateway infrastructure
node). The wireless radio 206 could also recerve information
from an external component. The wireless radio 206 includes
any suitable structure for providing wireless communica-
tions. The wireless radio 206 could, for instance, represent a
transceiver coupled to an antenna. In some embodiments, the
wireless radio 206 could communicate using RF signals,
although any other suitable wireless signals could be used to
communicate.

In particular embodiments, the wireless radio 206 1s imple-
mented using a circuit board that sits on and draws power
from the device circuit board 204. The wireless radio 206 and
the device circuit board 204 could, for example, be coupled
together using a Serial Peripheral Interface (SPI). This inter-
face could be used to provide both power and data to the
wireless radio 206.

A power supply 208 provides operating power to various
components in the wireless device 200. The power supply 208
could represent any suitable local source of operating power
for the wireless device 200. For example, the power supply
208 could include one or more industrial-grade batteries.
However, any other or additional source(s) of power could be
used 1n the power supply 208.

The power source 1n the power supply 208 may need to be
replaced from time to time. For example, extended operation
of the wireless device 200 may require that batteries 1n the
power supply 208 be changed. As described 1n more detail
below, the power supply 208 includes or supports one or more
mechanisms for ensuring that power continues to be supplied
to the other components in the wireless device 200 when the
batteries or other power sources are being changed in the
power supply 208. This helps to ensure that the wireless
device 200 remains in operation during the replacement. This
could be especially usetul, for example, in process systems or
other systems that operate continuously.

Although FIG. 2 illustrates one example of a wireless
device 200 1n a process control system, various changes may
be made to FIG. 2. For example, the wireless device 200 1n
FIG. 2 could include any other or additional components. As
a particular example, the wireless device 200 could include
actuator functionality to support functions of a wireless
actuator (either 1n place of or in addition to the sensing unit
202). Also, the mechanisms described below for use with the
power supply 208 could be used 1n any suitable wireless or
other device and are not limited to use with just process
control devices.

FIGS. 3 and 4 illustrate example mechanisms for on-line
power source replacement in a device according to this dis-
closure. The embodiments of the mechamisms shown 1n
FIGS. 3 and 4 are for 1llustration only. Other embodiments of
these mechanisms could be used without departing from the
scope of this disclosure. Also, for ease of explanation, the
mechanisms are described with respect to the wireless device
200 of FIG. 2. The mechanisms could be used with any other
suitable powered device.

As shown in FIG. 3, a power supply circuit 300 can be used
to supply power to one or more external components. The
power supply circuit 300 could, for example, be used 1n the
power supply 208 in the wireless device 200 of FIG. 2 to
provide power to other components 1n the wireless device
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200. In this example, the power supply circuit 300 includes
three battery slots 302-306, a current limiter 308, and a power
supply output 310. Each of the battery slots 302-306 gener-
ally represents any suitable interface or other structure for
receiving, holding, and providing electrical connection to a
battery. In particular embodiments, a small printed circuit
board 312 provides electrical connection between batteries in
the battery slots 302-306 and the remainder of the power
supply circuit 300.

The current limiter 308 generally operates to limit the
amount ol current supplied to the external components
through the power supply output 310. Among other things,
this may help to ensure that current provided by the batteries
in the battery slots 302-306 1s not excessive. The current
limiter 308 includes any suitable structure for limiting an
amount of current provided by a power supply circuit. Also,
the power supply output 310 represents any suitable structure
for proving power to one or more external components, such
as other components of the wireless device 200.

In some embodiments, the power supply circuit 300 ordi-
narily provides power supplied by two batteries 1n the battery
slots 302-304. The battery slot 306 may ordinarily remain
empty. When the batteries in the battery slots 302-304 need to
be replaced, the wireless device 200 (or other device being
powered) could generate an alarm. The alarm could cause a
light emitting diode (LED) on the powered device to 1llumi-
nate. When used in the wireless device 200 in the process
control system 100, the alarm could also cause the wireless
radio 206 to transmit a message to a distributed control sys-
tem (DCS) or other destination.

In response to the alarm (or at any other suitable time),
personnel can replace the batteries in the battery slots 302-
304. For example, the personnel could insert a spare battery
into the battery slot 306. At this point, the battery in the
battery slot 302 can be removed, and a new battery can be
inserted into the battery slot 302. After that, the battery in the
battery slot 304 can be removed, and a new battery can be
inserted into the battery slot 304. Once both batteries in the
battery slots 302-304 have been replaced, the spare battery in
the battery slot 306 can be removed. Because the spare battery
1s present in the battery slot 306, removal of one of the
batteries 1n the battery slots 302-304 may not interrupt opera-
tion of the device being powered by the power supply circuit
300. The powered device can continue to draw current from
the power supply circuit 300 and perform 1ts normal functions
(such as process control sensing functions). During the
replacement of the batteries 1n the battery slots 302-304, the
current limiter 308 can help to ensure that current spikes or
other transients caused by removal and insertion of batteries
do not damage the external circuit(s) being powered. Of
course, rather than replacing both batteries 1in the battery slots
302-304, both batteries in the battery slots 302-304 could be
removed, but only one new battery could be 1nserted 1nto one
of the slots 302-304. That new battery, along with the battery
in the battery slot 306, could then be used to power the device.

As shown in FIG. 4, a power supply circuit 400 1s similar to
the power supply circuit 300 of FIG. 3. The power supply
circuit 400 includes two battery slots 402-404, a current lim-
iter 408, and a power supply output 410. These components
may be the same as or similar to the corresponding compo-
nents 1n FIG. 3.

In addition, the power supply circuit 400 includes an exter-
nal voltage source 406. The external voltage source 406 per-
forms a similar function as the spare battery in the battery slot
306 1n FIG. 3. For example, during a battery change, the
external voltage source 406 could be connected to a circuit
board 412 associated with the battery slots 402-404. As a
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particular example, the external voltage source 406 could be
coupled to positive and negative terminals provided on the
circuit board 412. The batteries 1n the battery slots 402-404
could then be replaced (either one at a time or at the same
time). Because the external voltage source 406 1s coupled into
the power supply circuit 400, removal of one or more of the
batteries from the battery slots 402-404 may not interrupt
operation of the device being powered by the power supply
circuit 400. The powered device can continue to draw current
from the power supply circuit 400 and perform 1ts normal
functions. Also, the current limiter 408 can help to ensure that
current spikes or other transients caused by removal and
isertion ol batteries do not damage the external circuit(s)
being powered.

The external voltage source 406 includes any suitable
structure for providing power to a powered device. In this
example, the external voltage source 406 includes one or
more spare batteries 414 and a hook-up circuit board 416. The
hook-up circuit board 416 provides an interface between the
batteries 414 and the power supply circuit 400 (such as the
printed circuit board 412). The external voltage source 406
could represent a mobile or portable device that can be selec-
tively coupled into the power supply circuit 400 of multiple
devices when needed.

In particular embodiments, the power supply circuit 300
could be used 1n devices with adequate room for the spare
battery slot 306. Some devices may not be able to accommo-
date the spare battery slot 306 since, for example, an 1ndus-
trial-grade battery could be large. In those cases, the power
supply circuit 400 could be used, and the external voltage
source 406 could be attached to the power supply circuit 400
when needed.

Although FIGS. 3 and 4 1llustrate examples of mechanisms
for on-line power source replacement in a device, various
changes may be made to FIGS. 3 and 4. For example, while
FIGS. 3 and 4 illustrate that two batteries are ordinarily used
to supply power, any suitable number of batteries could be
used during normal operation of a device (such as one battery
or more than two batteries). Also, more than one spare battery
slot 306 could be provided 1n the power supply circuit 300.

FIG. S 1llustrates an example method 500 for on-line power
source replacement 1n a device according to this disclosure.
The embodiment of the method 500 shown 1n FIG. 5 1s for
illustration only. Other embodiments of the method 500 could
be used without departing from the scope of this disclosure.
Also, for ease of explanation, the method 500 1s described
with respectto the wireless device 200 using the power supply
circuit 300 or 400. The method 500 could be used with any
other suitable powered device that uses any suitable power
supply circuit.

As shown 1n FIG. 5, temporary power 1s supplied to a
powered device at step 502. This could 1include, for example,
personnel mserting a spare battery into the spare battery slot
306 i the power supply circuit 300. This could also include
the personnel attaching the external voltage source 406 to the
power supply circuit 400.

A first power source 1s removed from the powered device at
step 504, and a first new power source 1s inserted nto the
powered device at step 506. This could 1include, for example,
the personnel removing the battery from the battery slot 302
or 402 and inserting a new battery into that battery slot. A
second power source 1s removed from the powered device at
step 508, and a second new power source 1s inserted into the
powered device at step 510. This could 1include, for example,
the personnel removing the battery from the battery slot 304
or 404 and inserting a new battery into that battery slot.
During these steps, the voltage provided by the spare battery
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or the external voltage source 406 could be provided to com-
ponents within the wireless device 200, enabling the wireless
device 200 to continue operating normally. Also, the current
limiter 308 or 408 could help to limit any transients from
alfecting the powered device.

The temporary power 1s removed from the powered device
at step 512. This could include, for example, personnel
removing the spare battery from the spare battery slot 306 in
the power supply circuit 300. This could also include the
personnel disconnecting the external voltage source 406 from
the power supply circuit 400.

Although FIG. 5 1llustrates one example of a method 500
for on-line power source replacement 1n a device, various
changes may be made to FIG. 5. For example, while shown as
a series of steps, various steps 1n FIG. 5 could overlap or occur
in parallel. As a particular example, 11 multiple spare batteries
(or a large single battery) are mserted into spare battery slots
or if the external voltage source 406 includes multiple batter-
1ies (or a large single battery), both of the batteries within the
wireless device 200 could be removed at the same time. Also,
while shown as 1involving the replacement of two batteries or
other power sources, the wireless device 200 could include
any number of batteries or other power sources being
replaced (such as one or more than two). In addition, as noted
above, rather than replacing both batteries 1n the powered
device and then removing the temporary power, a battery used
to provide temporary power could remain in the device, and
only one new battery could be inserted ito the powered
device. In this case, the “temporary” power 1n F1G. 5 could be
more permanent.

It may be advantageous to set forth definitions of certain
words and phrases used throughout this patent document. The
term “couple” and 1ts derivatives refer to any direct or indirect
communication between two or more elements, whether or
not those elements are 1n physical contact with one another.
The terms “transmit,” “recetve,” and “communicate,” as well
as dertvatives thereol, encompass both direct and indirect
communication. The terms “include” and “comprise,” as well
as derivatives thereof, mean inclusion without limitation. The
term “‘or” 1s 1nclusive, meaning and/or. The phrases “associ-
ated with” and “associated therewith,” as well as derivatives
thereot, may mean to include, be included within, intercon-
nect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with,
have, have a property of, or the like. The term “controller”
means any device, system, or part thereol that controls at least
one operation. A controller may be implemented 1n hardware,
firmware, software, or some combination of at least two of the
same. The functionality associated with any particular con-
troller may be centralized or distributed, whether locally or
remotely.

While this disclosure has described certain embodiments
and generally associated methods, alterations and permuta-
tions of these embodiments and methods will be apparent to
those skilled 1n the art. Accordingly, the above description of
example embodiments does not define or constrain this dis-
closure. Other changes, substitutions, and alterations are also
possible without departing from the spirit and scope of this
disclosure, as defined by the following claims.

What 1s claimed 1s:

1. A method comprising:

powering a device using multiple first batteries, the first

batteries inserted into multiple first battery slots within
the device, the device comprising a sensor or actuator in
an 1ndustrial process control system, the first batteries
comprising industrial-grade batteries;
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inserting one or more second batteries into one or more
spare battery slots within the device; and

replacing at least one of the first batteries 1n the first battery
slots while the one or more second batteries are posi-
tioned 1n the one or more spare battery slots, wherein the
one or more second batteries provide power to the device
during the replacement of the at least one first battery;

wherein, before the insertion of the one or more second
batteries and after the replacement of the at least one first
battery, each of the one or more spare battery slots 1s not
occupied by a battery during normal operation of the
device 1n which the sensor or actuator 1s powered by the
batteries present in the first battery slots.

2. The method of claim 1, wherein the one or more spare
battery slots are adjacent to the first battery slots.

3. The method of claim 1, wherein inserting the one or
more second batteries and replacing at least one of the first
batteries comprise:

inserting one second battery into one spare battery slot;

replacing one first battery 1n one {irst battery slot and then

replacing another first battery in another first battery
slot; and

removing the second battery from the spare battery slot

after replacement of the first batteries 1n the first battery
slots.

4. The method of claim 1, wherein inserting the one or
more second batteries and replacing at least one of the first
batteries comprise:

inserting one second battery into one spare battery slot; and

replacing one first battery 1n one first battery slot and then
removing without replacing another first battery from
another first battery slot.

5. The method of claim 1, further comprising;

limiting current from the first and second batteries during
insertion of the one or more second batteries and during
replacement of at least one of the first batteries.

6. The method of claim 1, wherein the device comprises a

wireless sensor or wireless actuator.
7. The method of claim 1, further comprising:

removing the one or more second batteries after replace-
ment of the at least one first battery.
8. The method of claim 1, wherein the device comprises a
wireless transmitter.
9. A power supply apparatus comprising:
a plurality of battery slots including:
multiple first battery slots configured to recerve multiple
first batteries and to provide current from the first
batteries, the first batteries comprising industrial-
grade batteries; and
one or more spare battery slots configured to receive one
or more second batteries and to provide current from
the one or more second batteries during replacement
of at least one of the first batteries;
a current limiter configured to limit the current from the
batteries; and
a power supply output configured to provide the current to
one or more external components including a sensor or
actuator 1n an industrial process control system;
wherein each of the one or more spare battery slots 1s not
occupied by a battery during normal operation of the one
or more external components 1n which the sensor or
actuator 1s powered by the batteries present in the first
battery slots.
10. The power supply apparatus of claim 9, wherein the one
or more spare battery slots are adjacent to the first battery
slots.
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11. The power supply apparatus of claim 9, wherein the
current limiter 1s configured to limit the current when the one
or more second batteries are inserted into the one or more
spare battery slots and when at least one of the first batteries
1s replaced 1n the first battery slots.

12. The power supply apparatus of claim 9, wherein the
first battery slots comprise two first battery slots, and the one
or more spare battery slots comprise a single spare battery
slot.

13. The power supply apparatus of claim 12, wherein the
two first battery slots are adjacent to each other, and the spare
battery slot 1s adjacent to one of the first battery slots.

14. The power supply apparatus of claim 9, wherein the one
or more external components comprise a wireless sensor or
wireless actuator.

15. The power supply apparatus of claim 9, wherein the one
or more external components comprise a wireless radio.

16. An apparatus comprising:

one or more powered components comprising a Sensor or

actuator 1n an industrial process control system; and

a power supply apparatus within at least one of the powered

components comprising:
a plurality of battery slots including;:
multiple first battery slots configured to receive mul-
tiple first batteries and to provide current from the
first batteries, the first batteries comprising indus-
trial-grade batteries; and
one or more spare battery slots configured to receive
one or more second batteries and to provide current
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from the one or more second batteries during
replacement of at least one of the first batteries;

a current limiter configured to limit the current from the
batteries; and

a power supply output configured to provide the current
to the one or more powered components;

wherein each of the one or more spare battery slots 1s not
occupied by a battery during normal operation of the one
or more powered components 1 which the sensor or
actuator 1s powered by the batteries present 1n the first
battery slots.

17. The apparatus of claim 16, wherein the one or more
spare battery slots are adjacent to the first battery slots.

18. The apparatus of claim 16, wherein the current limiter
1s configured to limit the current when the one or more second
batteries are 1nserted mto the one or more spare battery slots
and when at least one of the first batteries 1s replaced in the
first battery slots.

19. The apparatus of claim 16, wherein the first battery
slots comprise two {irst battery slots, and the one or more
spare battery slots comprise a single spare battery slot.

20. The apparatus of claim 16, wherein the sensor or actua-
tor comprises:

a wireless radio configured to transmit information associ-
ated with the sensor or receive information associated
with the actuator.
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